This first palynological study of the Permian-Triassic succession in the Guryul Ravine, Kashmir, India, reveals impoverished latest Permian spore-pollen assemblages in the uppermost Zewan Formation, a rich palynoassemblage from the basal Khunamuh Formation characteristic of the Permian-Triassic transition zone and depleted Triassic assemblages from higher in the Khunamuh Formation. The collective assemblages can be broadly correlated to the Densipollenites magnicorpus and Klausipollenites decipiens palynozones of peninsular India and to palynofloras spanning the Permian-Triassic boundary elsewhere in Gondwana. Generally, low spore-pollen yields and poor preservational quality of the studied assemblages hinder more precise correlations and are inferred to be a function of an offshore marine depositional setting on the margin of the Neotethys Ocean, and thermal alteration associated with Cenozoic collisional tectonism between India and Asia.
and floras were all strongly affected (Benton and Twitchett, 2003; Benton and Newell, 2014) . Gondwanan floras saw the abrupt demise of the long-standing glossopterid mire communities and their replacement by vegetation dominated by peltasperms, pleuromiean lycophytes, voltzialean conifers and corystosperms (Anderson et al., 1999; Hill et al., 1999) . Various possible causal mechanisms for this mass extinction have been advocated over several decades including: fluctuations in oceanic salinity (Beurlen, 1956; Stevens, 1977) , pronounced excursions in temperature (either strong cooling or severe warming: Stanley, 1984 Stanley, , 1988 Maxwell, 1989; Retallack, 2013; Benton and Newell, 2014) , ocean anoxia (Wignall and Hallam, 1992) , trace element poisoning (Cloud, 1959) , increased cosmic radiation (Hatfield and Camp, 1970 ) and a general decline in origination rates (Bakker, 1977; Hüssner, 1983) . Further complicating these scenarios are conflicting interpretations of sea level change at this time, with alternatively sharp eustatic transgression or regression advocated (Newell, 1963; Maxwell, 1989; Hallam and Wignall, 1999) . More recently, attention has focused on bolide impacts and emissions associated with the eruptions of large igneous provinces as driving mechanisms for global environmental change and extinction at the close of the Permian (Kaiho et al., 2001; Basu et al., 2003; Becker et al., 2004; Reichow et al., 2009 ) and at several other major biological crises in the Phanerozoic (Twitchett, 2006; Schulte and 40 others, 2010) . Convincing evidence for a large bolide impact in the form of a pronounced and globally recognizable platinoid element anomaly or extensive shocked quartz has not been forthcoming for the end-Permian interval. In contrast, evidence for an endogenic cause for the end-Permian environmental change and biotic crisis has been steadily mounting. In particular, strong isotopic excursions across the PTB have been interpreted to represent the signature of abrupt and immense release of CO 2 from Siberian trap volcanism (Hochuli et al., 2010b) , potentially supplemented by release of methane from submarine clathrates (Benton and Twitchett, 2003) . Such a spike in atmospheric greenhouse gases may have led to sharp and pronounced climate warming, aridification of continental interiors, and loss of standing biomass (Eshet et al., 1995; Renne et al., 1995; Knoll et al., 1996; Wignall and Twitchett, 1996; Hansen, 2006) . Recovery from the initial environmental destabilization and extinctions may have been exacerbated by additional ecological crises in the Early Triassic (Retallack, 2013; Schneebeli-Hermann et al., in press) .
Permian-Triassic strata in India are best known from a series of coalrich intracontinental grabens in the central and eastern subcontinent (linked to the East Gondwanan Rift System: Harrowfield et al., 2005) that host the classical 'Gondwana Series' as defined by Feistmantel (1879) and others. However, Permian and Triassic strata are also represented in extra-peninsular India. These sediments were deposited along the southern margin of the Neotethys, a semi-confined body of water separated at that time from the Palaeotethys by the Cimmerian terranes (Metcalfe 1999) . These Tethyan-margin sediments are exposed in the Kashmir, Lahaul and Spiti valleys of the northwest Himalayas. The Kashmir Valley lies between two arms of the highly deformed Dhauladhar-Pir Panjal (in the south) and Zanskar (in the north) ranges. The Kashmir Valley hosts a remarkably complete CarboniferousTriassic sedimentary succession, which may have important bearings on interpreting the regional patterns of extinction and the correlation of marine and terrestrial events around the close of the Palaeozoic.
The PTB sections in the Tethyan region, are considered among the most complete and well-exposed sequences globally, as continuous sedimentation and a detailed record of low-to mid-latitude floral and faunal change are preserved there (Sheng et al., 1984) . Some of the best-studied successions, including the Meishan global stratotype, occur on the isolated Cathaysian blocks along the Panthalassan margin Utting, 1990, Peng et al., 2006) and on the similarly isolated mid-Tethyan Cimmerian terranes (Stolle, 2007) , or along the northern (Laurussian) margin of the Palaeotethys (Bourquin et al., 2011) .
Phytostratigraphic correlation between the core Gondwanan regions and the Tethyan-Cathaysian region has been inhibited by strong floristic provincialism in the Permian (Meyen, 1987) and in some cases by inadequate quality of palynomorph preservation Utting, 1990, Peng et al., 2006) .
Along the Tethyan margin of Gondwana, the most intense palynostratigraphic research on the PTB has focused on the nearpalaeoequatorial extreme northern limit of Gondwana in modern Israel (Eshet and Cousminer, 1986; Eshet, 1992) and on the Salt Range succession in Pakistan (see Schneebeli-Hermann et al. 2014, and references therein) . Palynostratigraphic studies of the PTB sequences further east have been more sporadic, even though these successions locally host biostratigraphically important invertebrate fossil assemblages. In particular, the Permo-Triassic section at Guryul Ravine (Kashmir), on the southern margin of the Neotethys, has been considered a contender for the global stratotype section. However, the precise position of the PTB in this region has long been debated (Erwin, 1993; Yin et al., 2001; Brookfield et al., 2010) .
At Guryul Ravine, the Lopingian (Upper Permian) Zewan Formation is overlain by the Lower Triassic Khunamuh Formation in a N 100-mthick conformable succession. Here we present the results of a reconnaissance palynological study of outcrop samples recovered from the classical uppermost Permian and lowermost Triassic succession at Guryul Ravine, which was logged in fine sedimentological detail. We aim to test whether palynology has the potential to refine the position of the Permian-Triassic boundary within this succession and evaluate the palaeofloristic signal and depositional setting for the mid-latitude southern margin of the Neotethys at this time.
Previous studies
The stratigraphy of the Kashmir Himalayas has a complex nomenclatural history. The first stratigraphic scheme established by Lydekker (1883) divided the Palaeozoic rocks into the "Metamorphic", Panjal and Zanskar systems. Hayden (1907) and Middlemiss (1909) recorded diagnostic Permian Gondwanan (Gangamopteris and Glossopteris) plant fossils immediately below the marine strata of the Zewan Formation. Later, Middlemiss (1910) outlined the general stratigraphy and palaeontology of the Kashmir region and subdivided the SilurianTriassic rocks into a mix of formal and informal litho-and chronostratigraphic units, namely the "Older Silurian", "Upper Silurian", Muth Quartzite, "Syringothyris Limestone", Passage Beds, "Fenestella Series", "Agglomeratic Slates", "Panjal Volcanic Flow", "Gangamopteris beds", Zewan beds, "Lower Triassic", "Muschelkalk" and "Upper Triassic". On the basis of plant fossil assemblages, Kapoor ( , 1979 divided the Permian strata of Kashmir into the Nishatbagh, Vihi, Marahoma, Munda and Mamal beds. Ahmad et al. (1978) and Singh et al. (1982) distinguished the plant-fossil-bearing beds below the Panjal Traps as the Nishatbagh Formation and those above the Panjal Traps as the Mamal Formation.
Other studies have focused on disparate aspects of the palaeontology and geochemistry of these successions. Nakazawa (1977 Nakazawa ( , 1992 , Nakazawa et al. (1970) , Sweet (1970) , Teichert et al. (1970) , Kapoor (1977, 1981) , Matsuda (1981a Matsuda ( , 1983 Matsuda ( , 1984 , Furnish et al. (1973) and Okimura and Ishii (1981) have reported various conodonts, gastropods, bivalves, ammonoids (Cyclolobus walkeri) and foraminifers from the Guryul Ravine strata. Recently, Brookfield et al. (2003) and Algeo et al. (2007) sampled exposures in this area, assessing the concentrations of rare and trace elements, total organic carbon -total inorganic carbon (TOC-TIC), and organic δ 13 C-δ 15 C signatures to evaluate climate change across the PTB. Additionally, Brookfield et al. (2010) carried out an analysis of platinum group elements from the Upper Permian Section at Guryul Ravine but they did not detect a significant extraterrestrial signal in their results. Brookfield (1993) and Brookfield et al. (2010) also detailed the palaeogeographic evolution of the Kashmir region during late Palaeozoic.
Palynological studies of this region have been hindered by manifold problems, most notably: difficulties in obtaining access to this politically sensitive area, pronounced topographic relief rendering access physically difficult, and strong shearing and thermal maturity of the Palaeozoic and Mesozoic strata related to the affects of Cenozoic collisional tectonics between India and Asia. Palynofloras from the Permian and Triassic successions of the Kashmir Himalayas are sparse and commonly ill-preserved, and this detracts from their application for accurate correlation with continental successions preserved further south in peninsular India. Nevertheless, some palynological data has been forthcoming from this region. Nautiyal and Sahni (1976) recorded the bisaccate pollen Platysaccus papilionis, Klausipollenites decipiens and Sulcatisporites sahnii in association with various species of Leiosphaeridia and Tasmanites from the Lower Triassic argillaceous sequence at Pahalgam, 50 km east of Srinagar. Subsequently, Maheshwari et al. (1996) reported Early Permian palynomorphs (viz., Cordaitina, Potonieisporites, Densipollenites, Striomonosaccites, Scheuringipollenites, Cedripites, Protohaploxypinus, Striatites, Lahirites, Gondwanipollenites, Rhizomaspora and Schizopollis species) from the Dunpatheri Member of the Mamal Formation in this area. Here we present the first palynological data from the Upper Permian to Lower Triassic succession of the Guryul Ravine, and outline the difficulties, but also the future potential for improved palynostratigraphic correlation in this region.
Geology of the Guryul Ravine Section
The Guryul Ravine Section (Fig. 1 ) lies c. 13 km southeast of Srinagar in Jammu and Kashmir State (Fig. 2) . It is approachable through the village of Khunamuh, which is well connected to Srinagar by a paved road. The Permian-Triassic Section in the Guryul Ravine incorporates the Upper Permian Zewan and the Lower Triassic Khunamuh formationsboth marine units. This succession was deposited in a passive-margin setting following the Permian rifting and basaltic volcanism associated with separation of a Cimmerian microcontinent from the northern flank of Gondwana ( Fig. 3 ; Sengör, 1984; Brookfield, 1993) .
The Zewan Formation is 97.3 m thick and is divided into four informal members, named A to D; and the Khunamuh Formation is divided into six informal members, named E to J in ascending order, on the basis of variation in carbonate content (generally increasing carbonate up section: Fig. 4 ; Algeo et al., 2007) . Although carbonate rocks are an essential component of Member A of the Zewan Formation, these are locally intermixed with sandy shales. Member B, comprises shale intermixed with carbonate mudstones. Member C is represented mainly by rhythmic alternations of calcareous sandstones and sandy shales, of which, the latter are dominant. Member D is characterized mainly by thick-bedded sandy limestones and calcareous sandstones representing shallow marine facies. Members C and D of the Zewan Formation are characterized by the predominance of gastropods and bivalves, whereas brachiopods are scarce (Korte et al., 2010) .
The succeeding Khunamuh Formation contrasts strongly in lithology with the Zewan Formation, but no unconformity has been observed between these formations Sheng et al., 1984; Yin, 1993) . Member E of the Khunamuh Formation consists of alternating shale and subordinate limestone. It is informally divided into units E 1 , E 2 and E 3 on the basis of varying proportions of shale. Unit E 1 is 2.6 m thick and consists of dark grey to black shale intercalated with several thin limestone layers. Of stratigraphic significance, the first appearance datum (FAD) of the basal Triassic conodont marker species, Hindeodus parvus (or possibly H. preparvus) and the FADs of six typically Triassic ammonoid taxa, were detected about 1 m above the base of unit E 2 (Fig. 4) but dwarf shelly fossils characteristic of the PTB occur in beds 47-49 of this succession, i.e., within unit E 1 (Brookfield et al., 2003 (Brookfield et al., , 2010 . The main fossil constituents of unit E 1 , besides typical Triassic elements, include Permian conodonts, viz., Clarkina carinata, Hindeodus typicalis and Ellisonia triassica, brachiopods (Linoproductus sp. cf. L. lineatus, Dialesma? sp.) and abundant bivalves, viz., Palaeolima middlemissii, Etheripecten sp. aff. E. haydeni and Cyrtorostra sp. aff. C. lunwalensis (Sweet, 1970; Nakazawa et al., 1975; Matsuda, 1981a Matsuda, , 1981b Murata, 1981) . Bivalves are more abundant than brachiopods in this unit. Among the bivalves, Claraia bioni Nakazawa, a common component of Early Triassic faunas, is present throughout member E. Further, Claraia bioni is morphologically similar to the characteristic Triassic genus Peribositra (Sheng et al., 1984) . Thus, unit E 1 contains a mix of typical Permian and Triassic marine faunal elements (Nakazawa et al., 1970; Teichert et al., 1970; Kapoor, 1996) . Further, Algeo et al. (2007) noted two short-lived negative C-isotope excursions in the uppermost Zewan Formation, prior to a large (c. −4.0 to −4.5‰) and sustained negative excursion commencing at the Zewan-Khunamuh formation contact (see also Baud et al., 1996) , which they interpreted to coincide roughly with the end-Permian extinction event shortly before the PTB proper.
Unit E 2 is 6.1 m thick and comprises black to dark grey, rarely greenish shales intercalated with dark limestones yielding ammonoids (including Otoceras woodwardi) and other marine fossils. Unit E 3 is 9.9 m thick and is of similar lithology, comprising black shales intercalated with limestones but the shale in this unit is less fissile. The only macrofossil taxon recovered from this unit is Ophiceras. Member F is 5-10 m thick and composed mainly of alternating shales and limestones, whereas member G comprises mostly limestone with a thin shale package. Member H represents shales and limestones together with calcareous or muddy sandstone. Member I is a 10-30 cm thick limestone unit and Member J consists of muddy calcareous sandstones alternating with thin shale bands (Kapoor, 1996) . Nakazawa et al. (1970) and Kapoor (1996) provided further lithological details of the various members of the Zewan and Khunamuh formations. survey of the palynofloras. Although organic matter was recovered from all samples, only six yielded fossil spores and pollen. Of these, GR1 from the base, GR2 from the middle and GR3 from the top of the sandy shale (bed 31) of member C, and GR4 from the top of the argillaceous sandstone package (bed 45) of member D were collected from the Zewan Formation. GR2 and GR4 yielded sparse but well-preserved spores and pollen. GR5 and GR6 were collected from the 'mixed zone', i.e., unit E 1. GR5 was collected from 120 cm above the base of that unit and GR6 from the top of this package. Whereas only a single identifiable spore taxon was recovered from GR5, sample GR6 yielded a rich palynological assemblage. A few algal spores were recovered from GR7 collected from the shale package 30 cm above the base of unit E 2 and sparse spores and pollen grains from GR8 collected from the uppermost limestone bed of unit E 2 . Sample GR9 collected from the shale 50 cm above the base of member E 3 yielded only unidentifiable organic matter. Because most samples yielded less than 300 specimens, we refrained from undertaking formal quantitative evaluations of the spore-pollen assemblages. The palynological samples studied here were prepared by crushing the rock followed by hydrochloric acid (40%) and hydrofluoric acid (35%) treatments. Subsequently, residues were washed thoroughly with water, oxidized using Schulze's solution and passed through a 400 μm sieve. A few drops of the organic residue mixed with polyvinyl alcohol were spread on the slides. The residues were dried, mounted under a coverslip in canada balsam, and studied using a Leica DM 3000 light microscope. Samples used for the study of dispersed organic matter were treated with hydrochloric and hydrofluoric acids for the removal of carbonate and silica, respectively. The organic matter was cleaned with distilled water after each acid treatment, sieved using a 20-micron mesh, mixed with polyvinyl alcohol and mounted in canada balsam on microscope slides for quantitative evaluation of dispersed organic matter content using a transmitted light microscope. The categorization and quantification of organic matter was based on visual estimation of components in individual mounted residues. Various schemes for the classification of dispersed organic matter have been published (Combaz, 1964; Alpern, 1970; Masran and Pocock, 1981; Robert, 1981; Habib, 1982; Batten, 1983; Hart, 1986; van Bergen et al. 1990; Boussafir et al., 1995; Tyson, 1995) ; we use the scheme of Ercegovac and Kostic (2006) since it provides a simple means of categorizing organic matter and correlates dispersed organic components with coal macerals. Slides are deposited in the repository of the Birbal Sahni Institute of Palaeobotany (BSIP), Lucknow. Reference positions of specimens on these slides are provided in terms of either England Finder coordinates or stage coordinates of the Leica DM 3000 light microscope, BSIP.
Material and methods

During two
Palynostratigraphy
Age and correlation within India
We recorded 33 spore-pollen taxa (Table 1) , in addition to unidentified algae, fungal spores and wood fragments, from the Zewan and Khunamuh formations (Fig. 4) . Only five taxa were recorded from the Zewan Formation (Fig. 4R , U, X, Y, Z): the non-taeniate bisaccate pollen Alisporites sp., and the taeniate bisaccate pollen Lunatisporites gopadensis and Crescentipollenites fuscus (in Member C), together with the trilete spore Verrucosisporites sp. and the taeniate bisaccate pollen Protohaploxypinus sp. (in Member D). This impoverised palynoflora containing taxa that are, in most cases, not strongly age diagnostic, prevents confident correlation or precise age determination of the Zewan Formation. However, the recorded taxa are broadly consistent with a Middle or Late Permian age because Protohaploxypinus pollen have been consistently recovered from glossopterid sporangia (Lindström et al., 1997, and references therein) .
Within the Khunamuh Formation, 19 genera and 27 distinguishable species and morphotypes were recorded from Unit E 1 . Trilete spores are represented by seven genera, monosaccate pollen by four genera, taeniate bisaccate pollen by two genera, striate-bisaccates by three genera, non-bisaccate pollen by two genera and alete spores by a single genus ( Fig. 4A -E, G-P, S, T, V, W). Fungal spores (Fig. 5A-C) are also present. The unit E 1 palynoassemblage is numerically dominated by taeniate bisaccate pollen followed by trilete spores, monosaccate pollen, non-taeniate bisaccate pollen, then other pollen and fungal spores that collectively represent a mix of taxa with typical Late Permian and Early Triassic ranges. The unit E 1 palynotaxa are shared with both the Densipollenites magnicorpus Assemblage Zone and the Klausipollenites decipiens Assemblage Zone defined in the Permo-Triassic successions of peninsular India (Tiwari and Tripathi, 1992) .
Characteristics shared with the Densipollenites magnicorpus Assemblage Zone include abundant taeniate bisaccate pollen (Protohaploxypinus and Striatopodocarpites species) and less abundant representation of Crescentipollenites, Striatopiceites and Horriditriletes species. The Densipollenites magnicorpus Assemblage Zone is represented in the Upper Permian Raniganj Formation of the Damodar Valley region (Tiwari et al., 1984; Tiwari and Singh, 1986; Tiwari and Tripathi, 1992; Vijaya, 1992, 1994; Tiwari, 1999; Tripathi et al. 2005) . Associations of Crescentipollenites and Protohaploxypinus species equivalent to those represented in units C and D of the Zewan Formation also occur in the Upper Permian of the Mahanadi and South Rewa Gondwana basins and Godavari Graben (Tripathi, 2001; Ram-Awatar, 1993; .
Elements shared with the Klausipollenites decipiens Assemblage Zone include species of Goubinispora, Kamthisaccites, Playfordiaspora, Limatulasporites, Klausipollenites and Alisporites. This assemblage zone is represented in the lower Panchet Formation of the Damodar Valley region and in equivalent strata further to the south . This zone is considered to be of Early Triassic (Induan) age based on the occurrence of key taxa, such as Playfordiaspora cancellosa, Lunatisporites diffusus and Lundbladispora microconata (Tiwari et al., 1984; Tiwari and Singh, 1986; Tiwari and Tripathi, 1992; , although a very latest Permian age is also possible based on the stratigraphic distribution of glossopterids (McLoughlin, 2011; Schneebeli-Hermann et al., in press ). Species of Densipollenites, Lunatisporites and Lundbladispora are represented in both of the aforementioned assemblage zones in peninsular India. Collectively, the known ranges of taxa represented in unit E 1 indicate an age very close to the PTB.
Unit E 2 of the Khunamuh Formation yielded only four spore-pollen taxa (Fig. 4H , J, L, M) namely, Taeniaesporites sp. (taeniate bisaccate pollen), Scheuringipollenites barakarensis (non-striate bisaccate pollen), Densipollenites magnicorpus (monosaccate pollen) and Cingulitriletes sp. (trilete spore). Although weakly age-diagnostic, the previously reported distribution of these taxa is consistent with an Early Triassic age (Tiwari and Vijaya 1992; Tripathi et al., 2005) . Other fossils recorded from this unit include algal spores (Fig. 5D , E), alete spores (Fig. 5G ) and gymnosperm tracheids (Fig. 5F ) but these are not age diagnostic.
Correlation along the Indian Tethyan margin
Late Permian and Early Triassic palynoassemblages have been recovered from various sites along the Tethyan margin of the Indian subcontinent including Malla Johar (Tiwari et al., 1980) and Niti (Tiwari et al., 1996) in Uttarakhand, the Spiti district of Himachal Pradesh (Singh et al., 1995; Ram-Awatar, 2011 ) and the Salt Range, Pakistan (Balme, 1970; Schneebeli-Hermann et al. in press) . Early Triassic palynomorphs have also been recorded from the Pahalgam area in Kashmir (Nautiyal and Sahni, 1976) .
The occurrence of Crescentipollenites in the upper part of unit C and Protohaploxypinus in unit D favours tentative correlation of the Zewan Formation with Late Permian palynoassemblages of the Kuling Shale of Niti Pass, the Raulibagar sections of the Niti area (Tiwari et al., 1996) and strata exposed in the Malla Johar area (Tiwari et al., 1980) along the Tethyan margin of India. A similar association of Crescentipollenites, Lunatisporites and Protohaploxypinus species is represented in the Late Permian Chhidru Formation of the Salt Range, Pakistan (Balme, 1970; Schneebeli-Hermann et al. in press ).
The palynoassemblages from unit E 1 of the Khunamuh Formation at Guryul Ravine share abundant Protohaploxypinus, Srtiatopodocarpites and Crescentipollenites and less common Densipollenites and Goubinispora species with the latest Permian-Early Triassic palynoflora of the Gungri Formation and Lilang Group of the Niti Area and Spiti Valley (Tiwari et al., 1996; Singh et al., 1995; Tiwari, 1997; Ram-Awatar, 2011) . The younger beds of the Lingti Road Section in the Niti Area, i.e., within the basal part of Lilang Group yield Playfordiaspora, Goubinispora, Lundbladispora, Lunatisporites, Kamthisaccites and Klausipollenites species of distinctly Early Triassic age. These correlations favour the placement of unit E 1 of the Khunamuh Formation very close to the PTB.
The collective Zewan and lower Khunamuh Formation palynoassemblages can also be broadly correlated with those of the Kuling Shale from the Hotigad and Shal-Shal Nala sections, Niti Area, based on a similar representation of the StriatopodocarpitesCrescentipollenites complex in association with Densipollenites, Klausipollenites, Protohaploxypinus and Lunatisporites species. The Rambakot Member of the Shal-Shal Formation in these same sections, c. 2.25 m above the PTB, contains other taxa characteristic of unit E 1 : Playfordiaspora, Goubinispora, Lundbladispora, Lunatisporites and Klausipollenites species. Although the Early Triassic palynoflora from the Pahalgam area, Kashmir, is dominated by acritarchs and prasinophycean cysts, the presence of Klausipollenites decipiens, Platysaccus sp. cf. P. papilionis and Sulcatisporites sahnii (Nautiyal and Sahni, 1976) and some striate bisaccate pollen suggests a similar age to the basal Khunamuh Formation. GR-1 GR-2 GR-3 GR-4 GR-5 GR-6 GR-7 GR-8 GR-9
Alisporites sp. Fig. 4 . Lithological log of the Guryul Ravine Section, Kashmir, showing palynological sampling intervals, the distribution of identified Late Permian and Early Triassic palynomorphs and illustrations of key taxa. Log modified from Kapoor (1996) . First appearance datum (FAD) of Hindeodus parvus from Brookfield et al. (2003 
Correlation with the western Tethyan margin: Pakistan and Israel
The uppermost Permian and lowermost Triassic successions in the Salt Range are represented by the Chhidru and Mianwali formations, respectively (Balme, 1970) . Late Permian palynoassemblages of the Chhidru Formation contain abundant striate bisaccate pollen (especially Protohaploxypinus and Striatopodocarpites) -a feature in common with the Zewan and lowermost Khunamuh formations (Balme, 1970; Schneebeli-Hermann et al. in press) . Earliest Triassic palynofloras from the Mianwali Formation (Kathwai Member) recorded by Balme (1970) contain Playfordiaspora, Densipollenites, Goubinispora, Lundbladispora and Klausipollenites species in common with unit E 1 of the Khunamuh Formation, further supporting the dating of this unit close to the PTB.
Early Triassic palynoassemblages from the Makhtesh Quatan 2 well, northern Negev, southern Israel, contain marine acritarchs (Veryhachium spp. and Micrhystridium spp.) in association with Endosporites papillatus, Krauselisporites spp. and Lunatisporites noviaulensis (Eshet and Cousminer, 1986; Eshet, 1992) . Although this low-latitude palynoflora shares fewer taxa with the Guryul Ravine succession than other Gondwanan regions do, the shared occurrence of Lunatisporites with unit E 1 offers potential for improved trans-latitudinal correlation in the future when intervening regions are sampled and when improved consistency is achieved in the taxonomic subdivision of this genus by workers from separate regions. Significantly, the presence of the 'disaster species' Reduviasporonites chalastus (Fig. 4F ) in both sections confirms an age close to the endPermian mass extinction event (Eshet et al., 1995; Afonin et al., 2001; Foster et al., 2002) .
Correlation with core Gondwanan regions
Amongst the core regions of Gondwana beyond India, the palynostratigraphy of Permian-Triassic transitional successions has been studied extensively from Australia (Foster, 1979 (Foster, , 1982 (Foster, , 1983 Helby et al., 1987; Backhouse, 1991) , Antarctica (Kyle, 1977; Kyle and Schopf, 1982; Farabee et al., 1990 Farabee et al., , 1991 Lindström, 1995; McLoughlin et al., 1997; Collinson et al., 2006; Lindström and McLoughlin, 2007) , Madagascar (Wright and Askin, 1987) , South Africa (Steiner et al., 2003) , and East Africa (Hankel, 1992) .
The impoverished unit C and D assemblages of the Zewan Formation are broadly similar to most Middle to Late Permian palynoassemblages from southern Gondwana in their generic composition (e.g., Kyle, 1977; Foster, 1979; Kyle and Schopf, 1982; Backhouse, 1991; Farabee et al., 1991; Lindström and McLoughlin, 2007) . Basic similarities between the palynofloras of unit E 1 of the Khunamuh Formation and the latest Permian Protohaploxypinus microcorpus and earliest Triassic Lunatisporites pellucidus palynozones of Australia (Foster, 1982) are evidenced by the shared presence of Crescentipollenites/ Striatopodocarpites and Protohaploxypinus species, Playfordiaspora cancellosa, several lycophyte spore taxa and Reduviasporonites chalastus. Some differences are apparent at species level between these assemblages but these may represent either intra-gondwanan provincialism or alternative approaches to taxonomic appraisal between palynologists from different regions. Significantly, Lunatisporites and lycophytic spores increase in abundance in the latest Permian of Australia and this pattern persists into the Early Triassic (Balme, 1963; Foster, 1982; Helby et al., 1987; Backhouse 1991; Shi et al., 2010) . The presence of both of these spore-pollen groups in units C-E 1 of the Zewan and basal Khunamuh formations supports a stratigraphic position close to the PTB.
The impoverished assemblages from units C-D of the Zewan Formation, containing Crescentipollenites, Protohaploxypinus, Lunatisporites, Verrucosisporites and Alisporites are broadly characteristic of Upper Permian strata of the Karoo Basin, South Africa (Prevec et al., 2009 (Prevec et al., , 2010 . The more diverse unit E 1 palynoassemblage from the Khunamuh Formation contains a range of taxa that were recorded from samples either immediately below or just above the inferred Permian-Triassic boundary in the Balfour Formation of the Karoo Basin (Steiner et al., 2003; Prevec et al., 2010) . Significantly, the unit E 1 palynoassemblage contains Reduviasporonites and fungal spores -a feature characteristic of samples from just above the palaeomagnetic-and stable-isotopeconstrained PTB in the southern Karoo Basin (Coney et al., 2007) . A similar representation of typical latest Permian and earliest Triassic elements, many in common with the unit E 1 palynoassemblage but with the notable absence of Reduviasporonites chalastus, occurs at the Lower to Middle Sakamena Group transition in the Morondava Basin, Madagascar (Goubin, 1965; Wright and Askin, 1987) . Equivalent associations (hosting Protohaploxypinus, Playfordiaspora, Lundbladispora and Goubinispora species, and in this case, incorporating Reduviasporonites chalastus but lacking Lueckisporites and Guttulapollenites) have also been documented from the Maji ya Chumvi Formation in the palaeogeographically adjacent Mombassa Basin of Kenya (Hankel, 1992) .
Collectively, the studied palynoassemblages enable broad correlation of the Zewan and lower Khunamuh Formation with units straddling the Permian-Triassic boundary across Gondwana. However, the absence of several species that represent key biostratigraphic markers for the well-resolved latest Permian and earliest Triassic palynozones established in the Australian succession (e.g. Triplexisporites playfordii, Brevitriletes hennellyi, Triquitriletes prorates, Indotriradites rallus, Densoisporites playfordii, Protohaploxypinus microcorpus, Lunatisporites pellucidus, L. acutus, Krauselisporites saeptatus, Lundbladispora obsoleta, Guttulapollenites hannonicus and Limatulasporites limatulus) prevents precise palynological placement of the PTB in the Guryul Ravine Section. A best estimate is that the PTB is within or close to unit E 1 of the lower Khunamuh Formation.
Correlation with the Tethyan-Cathaysian region
Palynofloras from the Lower Triassic Chinglung Formation at Meishan, east China (Shu and Utting, 1990) , from Junggar Basin, northwest China (Shu and Norris, 1999) , and Yunnan, south China (Shu, 1982 (Shu, , 1986 share numerous spore-pollen genera with the Khunamuh Formation (unit E 1 ) palynoflora, including: Striatopodocarpites, Densipollenites, Protohaploxypinus, Inaperturopollenites, Klausipollenites, Limatulasporites, Lunatisporites, Playfordiaspora, Goubinispora, Lundbladispora and Alisporites. However, the representative spores and pollen generally differ at species level. Further, the palynoflora from Junggar Basin notably includes a large number of genera that are of distinctly Angaran, Euramerican or Cathaysian affinity (Shu and Norris, 1999) . Although the shared genera between the Guryul Ravine succession and Cathaysian region offer some opportunities for pan-Tethyan correlation, the differences at species level, which are typical of the strong floristic provincialism at the end of the Palaeozoic (Meyen, 1987) , hinders fine correlation over inter-continental scales. Permian-Triassic transitional palynofloras beyond the northern margin of the Tethys (e.g., the Alps, Norway and Greenland) share some genera (e.g., Protohaploxypinus, Taeniaesporites, Klausipollenites, Alisporites, Lunatisporites and Lundbladispora) with the Guryul Ravine succession but include more typically Angaran and Euramerican taxa with increasing remoteness from Gondwana (e.g., Balme, 1980; Brugman 1981, 1988; Hochuli et al., 2010a) .
Dispersed organic matter
Apart from recognizable fungi, algae and plant remains (spores; pollen; and plant cuticles and tracheids = phytoclasts; Fig. 6A-E) , dispersed organic constituents in the Upper Permian Zewan and Lower Triassic Khunamuh formations can be segregated primarily into amorphous organic matter (AOM; Fig. 6D , J-L), brown degraded organic matter (BDOM; Fig. 6G-I ), and opaque (black) organic particles (Fig. 6E,  F) . The proportions of these constituents can be a useful tool for interpreting the palaeoenvironmental conditions in which the sediments were deposited (Tyson, 1995; Batten, 1996) . A caveat on these interpretations is that diagenetic or weathering processes may cause selective degradation of organic matter; and thermal alteration, evidenced by blackening of spores, pollen, and loss of some organic components Batten, 1996; see Fig. 4E, G, N-Q) , which may influence the identification and recognized proportions of phytological constituents within dispersed assemblages.
Of the four samples from the Zewan Formation (GR1-4), AOM is consistently the dominant category of dispersed organic constituents. Opaque (black) organic particles occur in significant quantities in two samples (Fig. 7) but BDOM and phytoclasts are consistently sparse in these samples. These proportions generally indicate a low organic input from terrestrial sources, either from low discharge of river systems or from deterioration of the vegetation cover at the close of the Permian (Retallack et al., 2011 , Retallack, 2013 . The high AOM content indicates deposition in an oxygen-deficient environment (Mendonça Filho et al., 2010) . The AOM in sample GR3 is predominantly granular (Figs. 6K, 7 ) compared to the low fraction of gelified (Figs. 6H, 7 ) AOM, reflecting a marine rather than terrestrial origin (Pacton et al., 2011) . This interpretation is supported by the absence of freshwater algal remains, which are generally common in continental and paralic palynoassemblages from the Permian (Fielding and McLoughlin, 1992) . The AOM preserved in GR4, collected from an argillaceous sandstone unit, is more gelified than granular, suggesting an increased terrestrial contribution.
The five samples (GR5-9) from the Khunamuh Formation show generally decreasing proportions of AOM and opaque (black) organic particles stratigraphically (Fig. 7) . There is a corresponding increase in BDOM over the same interval. Phytoclasts represent a consistently low percentage of the organic matter throughout the studied interval. The principal palynoassemblage from unit E 1 at the base of the Khunamuh Formation has a relatively high ratio (c. 1.7:1) of saccate to nonsaccate palynomorphs, which is typical of offshore assemblages influenced by taphonomic sorting (Eshet and Cousminer, 1986) . Of the amorphous organic components, granular AOM is dominant over gelified AOM in samples GR5 to GR7, whereas the reverse is the case in samples GR8 and GR9. The changes in proportions of the dispersed organic matter categories up section indicate increased terrestrial contributions. However, this may not reflect a genuine shallowing trend given that the proportion of shale and thin limestones increases, and sand content decreases, up section. Further, Brookfield et al. (2003) and Algeo et al. (2007) noted an increase in the benthic diversity in association with these lithological changes and a decrease in storm beds from the Zewan Formation to the Khunamuh Formation that they interpreted to reflect a shift from a shallow storm-influenced shelf to deeper shelf conditions. Hindeodus parvus (conodont) and nektic ammonoids first appear within this transgression (Brookfield et al., 2003) in association with a shift from shallow-water, brachiopod-and bivalve-dominated assemblages to deep-water, ammonoid-rich faunas.
Conclusions
Palynoassemblages have been recovered for the first time from the uppermost Permian to lowermost Triassic strata of Guryul Ravine, Kashmir-an important regional reference section for the PTB. Although the yield of palynomorphs from this section is low and, in some samples, of poor preservational quality, the assemblages provide sufficient biostratigraphically informative taxa to broadly indicate the position of the PTB around the Zewan Formation to Khunamuh Formation transition. More detailed sampling employing larger sample sizes may provide improved palynostratigraphic resolution in the future. The preliminary results of this study corroborate the placement of the PTB based on the 'mixed' Permian and Triassic faunal elements in unit E 1 of the Khunamuh Formation reported by Kapoor (1996) and the strong negative isotope excursion identified at the base of the Khunamuh Formation and correlated with the end-Permian extinction event by Baud et al. (1996) and Algeo et al. (2007) . Importantly, the presence in unit E 1 , albeit in low numbers, of fungal spores and of Reduviasporonites chalastus, an algal or fungal taxon widely reported as a 'disaster species' following the end-Permian mass extinction (Foster et al., 2002; Vajda and McLoughlin, 2007) , supports placement of the PTB within or close to this unit. Despite the limitations on yield and preservational quality, the palynoassemblages permit broad correlation with Permian-Triassic transitional sequences along the Tethyan margin of Gondwana and with the well-studied sedimentary successions of basins in peninsular India. Less refined correlations are possible with successions further afield in southern and western Gondwana, and in Cathaysian terranes beyond the Neotethys Ocean. Nevetheless, we consider that this reconnaissance survey provides a valuable starting point for improving correlations between the Gondwanan and Tethyan regions and between continental and marine successions once more intensive sampling is undertaken and where greater consistency is achieved in the taxonomic nomenclature of spore-pollen groups recognized by palynologists from different regions.
The Permian-Triassic transition in Guryul Ravine corresponds to a shift from heterolithic but sand-rich sedimentary packages to a succession dominated by intercalated shales and thin limestones. Although the succession is entirely marine based on its sedimentological signature, acritarchs appear to be absent from the palynoassemblages. Dispersed organic matter assemblages indicate a modest decline in amorphous organic matter, indeterminate opaque particles and the ratio of granular to gelified AOM, and a corresponding increase in degraded brown organic matter near to, or slightly above, the inferred PTB in the Guryul Ravine succession. The distribution of dispersed organic components suggests a slight increase of terrestrial organic constituents through the PTB succession but this contrasts with sedimentological evidence (reduced siliciclastic grain size, increased frequency of shales and thin limestones, and reduction in storm-winnowed beds) and faunal evidence (shift from brachiopod-and bivalve-to nekticammonoid-dominated assemblages) that indicate deepening of the marine depositional environment (Brookfield et al., 2003; Algeo et al., 2007) . Local deepening of the depositional setting is also consistent with widely reported occurrences of a marine transgression in other parts of the world in the earliest Triassic (Eshet and Cousminer, 1986; Shu and Utting, 1990; Hallam and Wignall, 1999) .
